Epithelial cell scattering recapitulates the first steps of carcinoma invasion/metastasis. While the balance between cell-cell adhesive activity and cell motility ultimately determines this process, its molecular mechanisms remain unclear. Adherence junctions and tight junctions (TJs) are primarily responsible for cell-cell adhesive activity and subjected to dynamic remodeling. We previously showed that Rab13 and its effector protein JRAB/MICAL-L2 mediate the endocytic recycling of the integral TJ protein occludin and the assembly of functional TJs. In this study, we examined the role of Rab13 and JRAB/MICAL-L2 in the scattering of MadinDarby canine kidney (MDCK) cells in response to 12-Otetradecanoylphorbol-13-acetate (TPA). Knockdown of Rab13 in canine MDCK cells suppressed the TPAinduced scattering, and this phenotype was restored by re-expression of human Rab13. During TPA-induced MDCK cell scattering, Rab13 was transiently activated and returned to its basal level, and both Rab13 and JRAB/MICAL-L2 were colocalized with F-actin at cellcell contact sites and then accumulated at emerging lamellipodial structures. TPA-induced MDCK cell scattering was also inhibited by knockdown of canine JRAB/ MICAL-L2 and rescued by re-expression of mouse JRAB/MICAL-L2. These results indicate that Rab13 and JRAB/MICAL-L2 are involved in epithelial cell scattering.
Introduction
Epithelial cells are very plastic; they remodel intercellular junctions and are highly motile within apparently stable, confluent cultured monolayers (Nagafuchi et al., 1994; Bertet et al., 2004) . Indeed, epithelial cells that are held together by intercellular junctions in tissues disassemble their contacts with neighboring cells, loose their polarity, and become motile during embryonic development, wound healing and carcinoma invasion/ metastasis. These processes are characterized by epithelial cell scattering involving the disassembly of cell-cell junctions and the acquisition of a migratory phenotype. This dynamic process is likely determined by the balance between cell-cell adhesion and cell motility (Comoglio and Trusolino, 2002) . The scattering of Madin-Darby canine kidney (MDCK) cells in response to hepatocyte growth factor (HGF) or 12-O-tetradecanoylphorbol-13-acetate (TPA) is a well-accepted model for carcinoma invasion/metastasis (Imamura et al., 1998; Palacios and D'Souza-Schorey, 2003) .
Epithelial cell-cell adhesion is controlled by apical junctional complexes (AJCs) at the apex of the basolateral membrane, and AJC organization is defined by the zonula occludens (ZO) (tight junctions, TJs) and zonula adherens (adherens junctions). TJs seal intercellular connections and form the boundary between the apical and basolateral membranes, and adherens junctions initiate and maintain cell-cell contacts. The integral membrane proteins claudins and E-cadherin are the principle components of TJs and adherens junctions, respectively. Other transmembrane proteins including occludin, junctional adhesion molecules and nectins are also located in the AJCs. These integral AJC proteins are linked to AJC plaque proteins in the cytoplasm, including ZO proteins (ZO-1, ZO-2 and ZO-3) and the catenins, which in turn bind to actin cytoskeletons (Takeichi, 1991; Tsukita et al., 2001; Takai and Nakanishi, 2003) .
Epithelial cell motility is powered by the remodeling of actin cytoskeletons coupled with the deformation of the plasma membranes (PMs) (Mitchison and Cramer, 1996) . Members of the Rho family of small G proteins including Rho, Rac and Cdc42 govern the remodeling of actin cytoskeletons, and coordinate the AJC stability and the cell migration (Takai et al., 1995; Vasioukhin and Fuchs, 2001 ). These small G proteins cycle between an inactive (guanosine diphosphate (GDP)-bound) and an active (guanosine triphosphate (GTP)-bound) conformation, and, in the GTP-bound state, interact with a variety of effector proteins to carry out specific functions. Their activity is enhanced by guanine nucleotide exchange factors that stimulate nucleotide release and subsequent GTP binding and inhibited by GTPase-activating proteins (GAPs) that promote nucleotide hydrolysis. Active Rac1 promotes actin accumulation at sites of cell-cell contact and stabilizes the AJC, and RhoA and Cdc42 play similar roles (Braga et al., 1997; Takaishi et al., 1997; Kodama et al., 1999) .
The endocytic recycling of the integral AJC proteins E-cadherin and occludin and extracellular matrix receptors integrins also controls the AJC stability and the cell migration (Jones et al., 2006) , and this process is regulated by members of the ADP-ribosylation factor (ARF) and Rab families of small G proteins. In mammalian cells, six ARF proteins and more than 60 members of the Rab family have been identified. The ARF and Rab proteins localize to specific locations in the secretory and/or endocytic pathways, and their activity is controlled through a guanine nucleotidedependent switch mechanism (Takai et al., 2001; D'Souza-Schorey and Chavrier, 2006) . ARF6 is the key factor modulating the endocytic recycling of E-cadherin. Activation of ARF6 leads to the internalization of E-cadherin from the AJC into early endosomes, but blocking ARF6 activation inhibits E-cadherin internalization and prevents cell-cell dissociation (Palacios et al., 2001) . We previously showed that Rab13 regulates the endocytic recycling of occludin and the formation of functional TJs (Morimoto et al., 2005; Terai et al., 2006) . Rab4 and Rab11 are thought to play a role in the shortloop and long-loop recycling of integrins, respectively, and both can affect cell adhesion and migration (Roberts et al., 2001; Powelka et al., 2004) .
For efficient epithelial cell scattering to occur, the remodeling of actin cytoskeletons and the endocytic recycling of integral AJC proteins and extracellular matrix receptors must be coordinated in a spatiotemporal manner. We recently identified the Rab13 effector protein JRAB/MICAL-L2 that associates with the actin cytoskeletons and regulates the endocytic recycling of occludin and the formation of functional TJs in epithelial cells (Terai et al., 2006) . In the present study, we examined the role of Rab13 and JRAB/MICAL-L2 in epithelial cell scattering and found that both Rab13 and JRAB/MICAL-L2 are essential for the scattering of MDCK cells in response to TPA.
Results
Rab13 is required for TPA-induced MDCK cell scattering MDCK cell scattering in response to growth factor or signaling pathway activation is a well-studied model for carcinoma invasion/metastasis. To examine the role of Rab13 in carcinoma invasion/metastasis, we first generated an anti-Rab13 polyclonal antibody, which recognized a single B24 kDa band in HEK293, Caco2 and MDCK cells, but not in BHK cells (Figure 1a ). When hemagglutinin (HA)-tagged Rab1A, Rab3B, Rab5A, Rab8A, Rab10 and Rab13 were expressed in BHK cells, the antibody specifically detected HA-tagged Rab13 (B27 kDa) (Figure 1b) . We next designed a small interfering RNA (siRNA) duplex targeting canine Rab13 is transiently activated during TPA-induced MDCK cell scattering To better understand the mechanism of Rab13 action, we examined the Rab13 activation profile during TPA-induced MDCK cell scattering. We first tested whether the Rab13-binding domain of JRAB/MICAL-L2 (JRAB/MICAL-L2-C) could be used to discriminate between GTP-and GDP-bound forms of Rab13 by pull-down assay. For this purpose, we produced glutathione S-transferase (GST)-tagged JRAB/MICAL-L2-C (GST-JRAB/MICAL-L2-C) protein in Escherichia coli and generated the following Rab13 mutants: a GTP-binding mutant (Rab13 T22N), a GTP hydrolysis mutant (Rab13 Q67L) and a nucleotidebinding mutant (Rab13 N121I). When BHK cells expressing HA-tagged Rab1A, Rab5A, Rab13, Rab13 T22N, Rab13 Q67L, or Rab13 N121I were lysed and incubated with GST-JRAB/MICAL-L2-C protein-coupled beads, Rab13 and Rab13 Q67L, but not Rab1A, Rab5A, Rab13 T22N and Rab13 N121I, were specifically precipitated with the GST-JRAB/MICAL-L2-C protein (Figure 2a ). Then we assessed the kinetics of GTP binding by Rab13 during TPA-induced MDCK cell scattering. MDCK cells were harvested at the indicated time points following TPA stimulation, and lysates were subjected to a pull-down assay using GST-JRAB/MICAL-L2-C protein.
The amount of GTP-bound Rab13 peaked at 30 min following TPA stimulation and rapidly returned to baseline levels within 60 min after stimulation ( Figure 2b ).
Rab13
GTPase activity is required for TPA-induced MDCK cell scattering To examine if Rab13 GTPase activity was required for its role in TPA-induced MDCK cell scattering, we generated MDCK cells stably expressing HA-Rab13 T22N or HA-Rab13 Q67L mutants (sMDCK-HARab13 T22N or sMDCK-HA-Rab13 Q67L). While Rab13 T22N mutant was expected to sequester Rab13 guanine nucleotide exchange factors and inhibit an activation of endogenous Rab13, Rab13 Q67L mutant was thought to remain bound to Rab13 effector proteins and act as a Rab13 activator or its inhibitor depending on cellular context. Expression of the HA-Rab13 T22N and HA-Rab13 Q67L mutants was approximately threeand six times greater than endogenous Rab13, respectively, in stably transfected MDCK cells (Figure 3a) . Consistent with previous reports (Marzesco et al., 2002; Terai et al., 2006) , HA-Rab13 T22N was diffusely distributed throughout the cytoplasm, and HA-Rab13 Q67L localized to the perinuclear region and PM ( Figure 3b ). We stimulated parental untransfected MDCK (control MDCK), sMDCK-HA-Rab13 T22N and sMDCK-HA-Rab13 Q67L cells with TPA for a 120-min period. At 60 and 120 min after TPA stimulation, the cell-cell dissociation and migration of cells expressing either Rab13 T22N or Rab13 Q67L were markedly inhibited compared to control MDCK cells (Figure 3c ), suggesting that Rab13 cycles of GTP binding and hydrolysis are required for TPA-induced MDCK cell scattering.
Rab13 and JRAB/MICAL-L2 accumulate at the emerging lamellipodial structures during TPA-induced MDCK cell scattering We previously showed that JRAB/MICAL-L2 mediates the formation of functional TJs by linking Rab13-GTP to actin cytoskeletons (Terai et al., 2006) . Then we examined the distribution of Rab13, JRAB/MICAL-L2 and actin cytoskeletons during TPA-induced MDCK 
Discussion
Carcinoma invasion/metastasis is mimicked by the scattering of MDCK cells in response to TPA. Epithelial cell scattering is a very complex phenomenon including the disassembly of cell-cell junctions and the induction of cell migration (Comoglio and Trusolino, 2002; Chen and Gumbiner, 2006) . In the present study, we showed that both Rab13 and JRAB/MICAL-L2 were required for the scattering of TPA-stimulated MDCK cells (Figures 1d and 5b) . Then the question of how Rab13 and JRAB/MICAL-L2 control the scattering of epithelial cells has naturally arisen. Since epithelial cell scattering is likely determined by the balance between cell-cell adhesion and cell motility, Rab13 and JRAB/ MICAL-L2 should decrease cell-cell adhesion and/or increase cell motility. Epithelial cell-cell adhesion is established and maintained by AJCs. While the established model of E-cadherin-based adhesion proposes the cortical actin cytoskeletons that mediate the clustering and stabilization of the 'weak' E-cadherin-E-cadherin interactions Total cell lysates and the bound proteins on beads were subjected to western blot analysis with anti-HA antibody. The PVDF membranes stained with CBB are presented in the lower panels as a loading control. The results shown are representative of three independent experiments. (b) GTP-bound Rab13 was isolated from MDCK cells stimulated with 100 nM TPA for the indicated time using GST-JRAB/ MICAL-L2-C protein and subjected to western blot analysis with anti-Rab13 antibody. Total cell lysates were also subjected to western blot analysis to determine the total amount of Rab13. The % total GTP-bound Rab13 was calculated, and the mean and s.e.m. of three independent experiments is shown. CBB, Coomassie brilliant blue; GST, glutathione S-transferase; GTP, guanosine triphosphate; HA, hemagglutinin; MDCK, Madin-Darby canine kidney; PVDF, polyvinylidene fluoride; TPA, 12-O-tetradecanoylphorbol-13-acetate.
Rab13 and JRAB/MICAL-L2 during epithelial cell scattering I Kanda et al between two opposing PMs as the primary mechanism to assemble AJCs (Kusumi et al., 1999) , the recent model predicts the endocytosis of E-cadherin as the driving force to disassemble AJCs (Troyanovsky et al., 2006) . Although the molecular mechanisms of other integral AJC proteins-based adhesions are less defined, the cortical actin cytoskeletons and the endocytosis of integral AJC proteins provide the key regulatory mechanisms to decrease cell-cell adhesion. Epithelial cell motility is also controlled by the remodeling of actin cytoskeletons and the endocytic recycling of certain PM proteins, including extracellular matrix receptors integrins and integral AJC proteins. While the remodeling of actin cytoskeletons coupled with the PM deformation provides the force required for cell motility (Mitchison and Cramer, 1996) , the endocytic recycling of certain PM proteins directs the formation of membrane protrusion and the adhesion of membrane protrusion to extracellular matrix (Jones et al., 2006) . Membrane insertion or removal by endocytic recycling Rab13 and JRAB/MICAL-L2 during epithelial cell scattering I Kanda et al is also required for the extensive changes in total surface area of migrating cells. In the case of cell locomotion, the polarized membrane insertion actively drives the cell motility (Bretscher, 1996) . RhoA, Rac1 and Cdc42 are principal regulators for the remodeling of actin cytoskeletons and their activation/ inactivation cycles are strictly regulated at AJCs (Braga and Yap, 2005) . RhoA is downregulated in confluent epithelial cells, and the decreased RhoA activity is associated with the inactivation of the RhoA guanine nucleotide exchange factor, guanine nucleotide exchange factor (GEF)-H1/Lfc, through binding to the TJ plaque protein cingulin (Aijaz et al., 2005) . Rac1 is activated when epithelial cells reach confluence, but Rac1 levels transiently decrease but return to basal levels during epithelial cell scattering (Palacios and D'Souza-Schorey, 2003) . The activity of Cdc42 is also affected by epithelial confluence, and the Cdc42 GAP Rich1 and the scaffolding protein Amot affect the trafficking of polarity-dependent proteins through the modulation of Cdc42 activity (Wells et al., 2006) . Here, we have found that Rab13 is transiently activated and returned to its basal level during the scattering of MDCK cells in response to TPA (Figure 2b) . Interestingly, the remodeling of actin cytoskeletons from the cortical bundles at cell-cell contacts to the lamellipodia at leading edges is synchronized with the redistribution of Rab13 and its Rab13 and JRAB/MICAL-L2 during epithelial cell scattering I Kanda et al effector JRAB/MICAL-L2 from the cell-cell contact sites to the emerging lamellipodial structures (Figures 4b and c) .
The endocytic recycling of E-cadherin, occludin and integrins is controlled by ARF6, Rab13, Rab4 and Rab11 (Palacios et al., 2001; Roberts et al., 2001; Powelka et al., 2004; Morimoto et al., 2005) . ARF6 remains inactive in confluent epithelial cells, but it becomes quickly activated upon stimulation of MDCK cells with hepatocyte growth factor to induce epithelial cell scattering (Palacios and D'Souza-Schorey, 2003) . Rab11-dependent integrin recycling is recently linked to ARF6 activity. The ARF6 GAP ACAP1 is phosphorylated by protein kinase B/Akt and associates with the cytoplasmic tail of b1-integrins. This interaction promotes the Rab11-dependent recycling of b1-integrins (Li et al., 2005) , and arfophilin-1/a family of Rab11-interacting protein 3 and arfophilin-2/ a family of Rab11-interacting protein 4 can bind simultaneously to ARF6 and Rab11 (Hickson et al., 2003) .
Although the exact molecular mechanism for Rab13 and JRAB/MICAL-L2 to mediate the TPA-induced MDCK cell scattering is not clear at the moment, we are currently considering several possibilities. One possibility is that Rab13 and JRAB/MICAL-L2 may have a function in the remodeling of actin cytoskeletons to induce epithelial cell scattering. Another possibility is that Rab13 and JRAB/MICAL-L2 may regulate the endocytic recycling of unidentified molecules, which are critically important for epithelial cell scattering. As to the role of occludin in epithelial cell scattering, occludin is known to be downregulated in gastrointestinal and endometrial cancers (Kimura et al., 1997; Tobioka et al., 2004) and involved in the transforming growth factor-b signaling pathway (Barrios-Rodiles et al., 2005) . However, the amount of occludin during 120 min of TPA stimulation in 'confluent' LLC-PK1 and 'scattering' MDCK cells is constant (Clarke et al., 2000; our unpublished observations) . We are currently trying to clarify the relationship between this occludin redistribution and the scattering of epithelial cells. In any cases, it will be important to determine the relationship of the Rab13-JRAB/MICAL-L2 system with the RhoA/ Cdc42/Rac1 and/or ARF6/Rab4/Rab11 signaling pathways to understand the molecular mechanism of epithelial cell scattering.
A series of recent studies also suggest that Rab13 and MICAL family proteins are involved in the invasive growth of neurons and epithelial cells (Comoglio and Trusolino, 2002) . Rab13 regulates neurite outgrowth, and the Rab13-mediated induction of p53 is required for neuronal regeneration (Di Giovanni et al., 2005 . The original member of MICAL family, MICAL-1, is implicated in semaphorin/plexin-mediated repulsive axon guidance during neuronal development (Suzuki et al., 2002; Terman et al., 2002) . Furthermore, overexpression of a prostate cancer-specific splicing variant of MICAL-2 correlates with the progression of prostate cancer cells (Ashida et al., 2006) . Collectively, our present results indicate that Rab13 and JRAB/MICAL-L2 likely play an important role in carcinoma invasion/ metastasis.
Materials and methods

Expression plasmids
The mammalian expression vectors pCI-neo-HA-Rab1A, pCIneo-HA-Rab3B, pCI-neo-HA-Rab5A, pCI-neo-HA-Rab13, pCI-neo-HA-Rab13 T22N, pCI-neo-HA-Rab13 Q67L, pCIneo-HA-Rab13 N121I and pCI-neo-Myc-JRAB/MICAL-L2 were described previously (Yamamoto et al., 2003; Morimoto et al., 2005; Terai et al., 2006) . pCI-neo-HA-JRAB/MICAL-L2 was constructed by subcloning from pCI-neo-Myc-JRAB/ MICAL-L2. Mouse Rab8A and Rab10 cDNAs were isolated by reverse transcription-PCR from MTD-1A cells and cloned into pCI-neo-HA vector. All plasmids constructed in this study were sequenced using an ABI Prism 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA).
Antibodies
Rab13 was cloned into pGEX-6P1 vector to generate an N-terminal GST-tagged Rab13 protein and rat anti-Rab13 polyclonal antibody was produced as described previously (Terai et al., 2006) . Mouse anti-Myc (9E10) was purchased from ATCC (Manassas, VA, USA), mouse anti-HA (12CA5) and rat anti-HA (3F10) from Roche (Mannheim, Germany), mouse anti-b-actin from Sigma-Aldrich (St Louis, MO, USA).
Cell culture MDCK cells were kindly supplied by Dr W Birchmeier (Max Delbrueck Center for Molecular Medicine, Berlin, Germany). BHK, HEK293 and Caco2 cells were obtained from the ATCC. MDCK and BHK cells were cultured at 371C (10% CO 2 and 90% air for MDCK cells, 5% CO 2 and 95% air for BHK cells) in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (FBS).
Establishment of transfectants
MDCK cells were transfected with pCI-neo-HA-Rab13 T22N or pCI-neo-HA-Rab13 Q67L using Lipofectamine 2000 transfection reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. Transfectants were pooled after 2-3 weeks of 1.4 mg ml À1 G418 selection to avoid the effects of clonal variations and maintained in DMEM with 10% FBS and 1.4 mg ml À1 G418.
Western blot
Each sample was separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis, and proteins were transferred to a PVDF membrane. Membrane blocking and antibody dilutions were carried out in Block Ace (Dainippon Pharmaceutical, Osaka, Japan). Blots were developed by chemiluminescence using a horseradish peroxidase-coupled secondary antibody (Jackson ImmunoResearch Laboratories, West Grove, PA, USA) with an ECL-Plus kit (GE Healthcare, Piscataway, NJ, USA). Quantitation was performed on scans of X-ray films with non-saturated signals using Image J 1.36 program (http://rsb.info.nih.gov/ij/).
RNA interference
The 21-mer siRNA duplexes targeting canine Rab13 (XM_850035, 5 0 -GCGCCTGCTTCTAGGGAAC-3 0 ) and canine JRAB/MICAL-L2 (XM_547017, #1: 5 0 -CGGAGCTGCT TCAGGTGTA-3 0 , #2: 5 0 -CTGCTGAGCCGGTACATAA-3 0 , and #3: 5 0 -GCAGCAACATCGTGGACGT-3 0 ) and a control non-silencing RNA duplex were obtained from B-Bridge (Sunnyvale, CA, USA) and transfected into MDCK cells using a Nucleofector device (Amaxa, Ko¨ln, Germany) according to the manufacturer's instructions. In rescue experiments, Rab13 or JRAB/MICAL-L2 siRNA duplexes were co-transfected with one-tenth of the amount of pCI-neo-HA vector encoding the knockdown-resistant Rab13 or JRAB/MICAL-L2.
Quantitative real-time reverse transcription-PCR Total RNA from MDCK cells transfected with control RNA and JRAB/MICAL-L2 siRNA duplexes were isolated using RNeasy Mini kit (Qiagen, Valencia, CA, USA) and reverse transcribed using QuantiTect Reverse Transcription kit (Qiagen) according to the manufacturer's instructions. Real-time PCR analysis was performed with an ABI 7500 Real Time PCR System (Applied Biosystems) using FastStart Universal SYBR Green Master (Roche) according to the manufacturer's specifications. Each sample was analysed in triplicates for each pair of primers. The relative expression of JRAB/MICAL-L2 to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was calculated by the relative standard curve method using Sequence Detection Software v1.2 (Applied Biosystems). Primers for canine JRAB/MICAL-L2 (XM_547017) were 5 0 -CACCTCGTGCAGAGACACCT-3 0 (forward) and 5 0 -GTGC AGTGTGTTGGAGCACT-3 0 (reverse) and for canine glyceraldehyde-3-phosphate dehydrogenase (NM_001003142) were 5 0 -TCAACGGATTTGGCCGTATTGG-3 0 (forward) and 5 0 -TGAAGGGGTCATTGATGGCG-3 0 (reverse), respectively.
Cell scattering assay
Cell scattering was assessed by seeding 1 Â 10 4 cells per well in six-well tissue culture plates. After 16-24 h, the culture medium was replaced with fresh culture medium with 100 nM TPA. Cells were incubated for the indicated time and subjected to immunofluorescence microscopy. For phase-contrast images, they were captured on an inverted microscope (Eclipse TS100, Nikon, Tokyo, Japan) equipped with a digital camera (PDMC Ie, Polaroid, Tokyo, Japan). For merged images, phasecontrast and fluorescent images were captured on an inverted microscope (Eclipse TE2000, Nikon) equipped with a digital camera (DS-2Mv, Nikon) and merged using Lumina Vision 2.4 program (Mitani Corporation, Fukui, Japan).
Immunofluorescence microscopy MDCK cells grown on glass coverslips were fixed with 2% formaldehyde in phosphate-buffered saline at room temperature for 15 min. After permeabilization with 0.2% Triton X-100 in phosphate-buffered saline for 15 min and blocking with 5% goat serum in phosphate-buffered saline for 45 min, cells were incubated at room temperature with primary antibodies for 60 min and with Alexa 488-or 594-conjugated secondary antibodies (Molecular Probes, Eugene, OR, USA) for 60 min. F-actin was labeled with rhodamine-phalloidine (Molecular Probes). Fluorescent images were acquired using a Radiance 2000 confocal laser-scanning microscope (Bio-Rad, Hercules, CA, USA).
Pull down assay GST fusion proteins containing the Rab13-binding domain (amino acids 806-1009) of JRAB/MICAL-L2 (JRAB/MI-CAL-L2-C) were expressed in E. coli strain DH5a and immobilized on glutathione-sepharose beads (20 mg of protein per 15 ml of packed beads) (GE Healthcare). MDCK cells in one 100-mm tissue culture dish were lysed on ice in 1 ml of lysis buffer containing 50 mM Tris-HCl, pH 7.5, 100 mM NaCl, 5 mM MgCl 2 , 1.0% NP-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate and 20 mg ml À1 (4-amidinophenyl)-methanesulfonyl fluoride. After reserving an aliquot to determine the total amount of Rab13, cell lysates were incubated with the GST-JRAB/MICAL-L2-C protein-coupled beads at 4 1C for 45 min. Bound proteins were washed three times with lysis buffer and prepared for western blot analysis with an anti-Rab13 antibody.
